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(54) Emuisifier composition 

(57) The invention relates to an emuisifier mixture 
comprising of at least one emuisifier of formula (I) 




wherein one or two of R 1 to R 6 groups are S0 3 M, one 
or two of R 1 to R 6 groups are a C1 -1 8 alkyl group; and 
of at least one emuisifier chosen from linear or branched 
alkylethersulfates, and its use in aqueous polymer dis- 
persions and emulsion polymerisations. 
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:sr^=ri«™T-« - a„o„ « » 

contrast to otter adhesives, no cu*9 « »r«« J""*^ " 0 „ , h , .dement 0( the internal 

The quality ot a self-adhesiue products d o. tapes, or labels) is ^usoarry p .^^.pantariady for pressure 

hesion and cohesion of a pressure ^M***^*™™^^^ for the production of labels and tapes 
[0003] Pressure sensitive adhesives wh.ch ^^^^^W"! frcm a " ueous P °' ymer dispersionS 
U disclosed e.g. in EP 0952! 99. The pressure ' mtm ^f^^^SSt W discloses an emuisifier mixture 
comprising poiymers and emulsifiers, such as an .aroma be emu Is me r. ep ^ 095216 manijfa cture of 

~ — — SaSSrrST-- » b e su tt ab,e for the preparation 

ma y be desired, especially when the adhes.ves are "^.^™^teLpeclaIV those obtained from aqueous 
many pressure sensitive adhesives w,th transpar enHacestock orsub <* S P ^ tQ water or nign humidity . As 
dispersions) show an effect, which is called "water whrterong , orb ^ • wh en su , ^ ^ 

this effect impairs the properties, i.e. the appearance ^JT^'^SSS! transparent facestock or substrate, 
water whitening is to be avoided for many ^P 1 '*!^ of craters or ho.es in the 

the pressure sensitive adhesives must form a dispersion used for the preparation of 

film upon coating and drying must be avo.ded. In add. .on a ^° us ^ m t he coating systems used to produce 
pressure sensitive adhesives must present rheolog.cal ,^^^SSJ^M^u. poLer diversions should 
Industrially tape and label castings. In the ^^^^^^'^^ coaJg systems, like, 
have a rheology with limited shear-th.nn.ng When ^^."'^^^otogy close to Newtownian behavior is a 
for example, reverse gravure or the more .nnovat.ve ™rtam "rtng. a * eo.ogy c ^ 
must, in addition, such rheology is favorable, after £ .aqueous d-spers on ^ ^ , eve|ling is 

of the recently applied wet film towards a un,form J^^^^^ details about these issues can be 
revealed by presence of ^£^*£Z f pS SchweizeT Chapman & Hal., London. 
2ST '^^^^^ off ree of coagulum to ensure easy handling of the product, 
induTria, Lie as we,, as to avoid additional cause ot ^^J-J ^ and therefore are 

4S ;7^r::«^ p— * — by the subject matter of the 

SST 'Trp'sent invention therefore relates to an emuisifier mixture comprising 

(a) from 1 0 to 90 % by weight of the total weight of emulsifiers present in the mixture, of at least one emuisifier of 



50 formula (I) 
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(I) 

wherein one or two of R 1 to R 6 groups are S0 3 M, one or two of R 1 to R 6 groups are a C1-18 alkyl group, 
and the remainder of R 1 to R 6 groups are hydrogen and M represents a cation; and 

(b) from 10 to 90 % by weight of the total weight of emulsifiers present in the mixture, of at least one emulsifier 
chosen from linear or branched alkylethersulfates responding to formula (II) and (III) 




wherein R 7 represents a C1-18 alkyl group, each of R 8 , R 8 ', R 8 ", R 9 , R 9 ' and R 9 ", independently, represents hydrogen 
or a C1 -6 alkyl group, M* and M M , independently represent a cation, k is an integer from 6 to 20, and n, m and p, each 
independently, is an integer from 1 to 18 with the proviso that (n + m +- p) is an integer from 6 to 20. 
[0010] The term "alkyl", as used herein, is defined as including saturated, monovalent hydrocarbon radicals having 
straight or branched moieties or combinations thereof. 

[0011] Emulsifiers of formula (I) are known in the prior art. They have for example been described in EP 0952199. 
In the emulsifier mixture according to the present invention, emulsifiers of formula (I) in which M represents a cation 
chosen from ammonium, hydrogen and alkali metals, especially sodium or potassium, are preferred. In the emulsifier 
mixture, emulsifiers of formula (I) wherein the alkyl group(s) comprises from 8 to 1 6 carbon atoms are preferred. In the 
emulsifier mixture according to the invention, it is preferred to use from 15 to 80 % by weight of at least one emulsifier 
of formula (I). 

[0012] In the present invention, mixtures of two or more compounds responding to formula (I) can be used. In a 
particular embodiment of the invention, an emulsifier mixture comprising from 10 to 70, more preferably from 15 to 60 
and most preferably from 20 to 50, % by weight of a emulsifier of formula (I) wherein only one of R 1 to R 6 is a S0 3 M 
group and only one of R 1 to R 6 is a C1 -1 8 alkyl group and from 0 to 60, more preferably from 0 to 30 and most preferably 
from 0 to 25, % by weight of at least one emulsifier wherein two of R 1 to R 6 are S0 3 M groups and/or C1 -1 8 alkyl groups, 
is used. 
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[0013] Products comprising emu.sifiers of formula (I) are commerciaNy ™»£>^£ r S °' d M 

KLnames of DOWFAX®2A1 . RHODACALODSB, to the present 

[0014] Emuisifiers of formula (II) and (II are known „ the poor Resent a cation chosen from 

invention, emuisifiers of formula (II) and (III) ,n which M and M I. each ™^«™^ e ferred were sodium and 
ammonium, hydrogen and alkali metals, such as ^sodjum or potass.um, are Mo^P pre _ 
ammonium, especially ammonium. Emulsifier* of ormula (II) and (HI) wherein y ^ ^ 

ferred. Emu.sifiers wherein R 7 is a branched a yl are P^^^"^'^"^"^ s nyd 0 gen are preferred, 
one of RB and #. respectively at least one of R ' anc R^ at least on^ ^ and R ,^ y 9 J ^ fe & 
Emuisifiers of formula (II) and (III) wherein one of R* and F*> . «jec .vely oneot H ^ ^ ? 

r^p^^^ 

^Products comprising emuisifiers of formula (II) ^^^S^ST' ^ " eXamP ' e 
under the tradenames of DISPONIL®FES993IS, RHODAPEX®Ati^u, M "" u/ *^r~ 

weiaht of at least 

[0016] In the emulsifier mixture according to the invention, it is preferred to use from <iu 10 oo y 
emulsifier of formula (IV) 




(IV) 



wherein R"> represents a 01 -18 elkyl group and L' rcpressnls a_ oa»on_ Emuteille re ol formula 

[00181 Emolsilisrs of formula (.V) where,h R"> "P™™* ° l ™^™*™°^°£?«*m sodium or potas- 
„V> wherein L raprea en»a ^J^ZZZ^iX^^^^^^ PK >°- 

^ H ,r™;pre,sr™oe™«s,re WU , r 

ssr rrrrir^re^sTo r,^"^ — an a™™-* 

are more partL.arly useful in aqueous polymer dispersions comprising a pofymer P that compnses 

from 5 to 92 5 wt,% of at least one alky, acry.ate the homopotymers of which have a glass transition temperature 
to" 5 to r 3^r™te alky. (mediate the homopolymers of which have a glass transition tern- 
to ^V^TZ^U^ the homopotymers of which have a g.ass transition tern- 

r^TT^^tZeZe^ -saturated monomer the homopotymers of which have a glass 
• TZZ tem^ureS 20=C or above and which do not contain a f unctiona. group selected from hydroxy,, acd. 
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acid anhydride, nitro, epoxy and amino groups (constituent d); 

from 0 to 10 wt.-% of at least one ethylenically unsaturated monomer having at least one acid group or acid an- 
hydride group (constituent e); and 

from 0 to 60 wt.-% of at least one ethylenically unsaturated monomer having either no further functional group or 
5 in addition to the ethylenically unsaturated group at least one functional group other than an acid group or an acid 

anhydride group (constituent f). 

[0023] In a preferred embodiment of the invention the aqueous polymer dispersion comprises polymer P which is 
composed of constituents a, b, c and d, optionally together with constituents e and/or f, wherein constituent a * con- 
10 stituent b * constituent c * constituent d * constituent e * constituent f . 

All values in wt.-% in relation to monomers are based on the total weight of the polymer P 

[0024] In this specification the term M (meth)acryL." means "acryl..." as well as "methacryl...". Compounds which are 
usually not interpreted as polymerizable monomers, such as initiators or chain transfer agents, are not to be understood 
as constituents of polymers P according to the invention. Thus, a polymer that is composed of constituents a, b, c, d, 

'5 e and f may also contain e.g. fragments of radical initiators or chain transfer agents covalently bonded to the polymer. 
[0025] Examples of alkyl acrylates which are covered by the definition of constituent a are: C,-C 20 alkyl acrylates 
the homopolymers of which have a glass transition temperature of -40°C or below (Tg<-40 o C), preferably C r C 10 alkyl 
acrylates the homopolymers of which have a glass transition temperature of -40°C or below, in particular n-butyl acr- 
ylate; 2-ethylbutyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, nonyl acrylate and n-octyi acrylate. N-butyl acrylate 

20 and 2-ethylhexyl acrylate are preferred, 2-ethylhexyl acrylate is particularly preferred. In case that the polymer P con- 
tains 2-ethylhexyl acrylate it is preferred that the polymer does not contain any n-butyl acrylate or that the polymer P 
only contains minor amounts of n-butyl acrylate, preferably less than 5 wt.-%, more preferably less than 2 wt.-%, in 
particular less than 1 wt.-%. 

[0026] Preferably the polymer P comprises 40 to 90 wt.-%, more preferably 55 to 80 wt.-%, in particular 64 to 70 wt.- 
25 % } of constituent a. 

[0027] Examples of alkyl (meth)acrylates which are covered by the definition of constituent b are: C r C 22 alkyl (meth) 
acrylates the homopolymers of which have a glass transition temperature of from -25°C to 0°C (-25 o C<T g <0°C), pref- 
erably C r C 12 alkyl (meth)acrylates the homopolymers of which have a glass transition temperature of from -25°C to 
0°C. Alkyl acrylates are preferred over the corresponding alkyl methacrylates. Ethyl acrylate, sec-butyl acrylate, isobutyl 
30 acrylate and isopropyl acrylate are preferred, particularly ethyl acrylate. 

Preferably, the homopolymers of the alkyl (meth) acrylates which are covered by the definition of constituent b have a 
glass transition temperature of between -25°C and-5°C (-25 °C<T g <-5°C). 

[0028] Preferably the polymer P comprises 5 to 30 wt.-%, more preferably 8 to 20 wt.-% : in particular 10 to 15 wt- 
%, of constituent b. 

35 [0029] Examples of alkyl (meth)acrylates which are covered by the definition of constituent c are: C^-C 20 alkyl (meth) 
acrylates the homopolymers of which have a glass transition temperature of between 0°C and 20°C (0°C<T g <20°C), 
preferably C r C 12 alkyl (meth)acrylates the homopolymers of which have a glass transition temperature of between 
0°C and 20°C. Methyl acrylate and n-butyl methacrylate are preferred, particularly methyl acrylate. 
[0030] Preferably the homopolymers of the alkyl (meth)acrylates which are covered by the definition of constituent 

40 c have a glass transition temperature of between 5°C and 20°C (5°C<T g < 20°C). 

[0031] Preferably the polymer P comprises 5 to 30 wt-%, more preferably 8 to 20 wt.-% : in particular 10 to 15 wt.- 
%, of constituent c. 

[0032] Preferably the total amount of constituent b and constituent c in polymer P is 5 to 30 wt.-%, more preferably 
15 to 30 wt.-%, in particular 22 to 26 wt.-%. In a preferred embodiment the polymer comprises equal amounts of 
constituent b and constituent c. 

[0033] Examples of preferred monomers, which are covered by the definition of constituent d, are: 

• alkyl (meth)acrylates: preferably 0^-C 22 alkyl (meth) acrylates the homopolymers of which have a glass transition 
temperature of 20°C or above (T g >20°C), more preferably C r C 10 alkyl (meth) acrylates the homopolymers of which 

50 have a glass transition temperature of 20°C or above, in particular methyl methacrylate and tert-butyl acrylate. 

Methyl methacrylate is especially preferred. 

• vinylaromatic compounds: preferably C 8 -C 20 vinylaromatic compounds the homopolymers of which have a glass 
transition temperature of 20°C or above (T g >20 c, C), more preferably C 8 -C 20 styrene derivatives the homopolymers 
of which have a glass transition temperature of 20°C or above, in particular methylstyrene, para-methylstyrene, 

55 4-tert-butylstyrene, 4-sec-butyistyrene and styrene; styrene being particularly preferred. 

• vinylhalides: preferably ethylenically unsaturated compounds substituted with chlorine, fluorine or bromine the 
homopolymers of which have a glass transition temperature of 20°C or above (T g >20°C), more preferably C 2 -C 5 
vinylhalides the homopolymers of which have a glass transition temperature of 20°C or above ; in particular vinyl 
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. ^nS'les: preferably C 2 -C 5 vinylnitriles the homopolymers of which have a glass transition temperature of 20"C 

nr ahove (T >20°C) in particular methacrylonitrile and acrylonitrile. 
. ^ste-oWoxylic acids: preferably vinylesters of C r C 20 carboxy.ic acids the l™"*^^* h3VS 

T gtss transition temperature of 20°C or above (T 9 >20°C), more preferably vinyl acetate and v.nyl formate. 

[00341 Preferably the homopolymers of the alkyl (meth)acrylates which are covered by the definition of constituent 
d have a glass transition temperature of above 25°C (T g >25°C). in particular 2 to 4 wt - 

[0035] Preferably the polymer P comprises of 1 to 30 wt,%, more preferably 1 .5 to 15 wt, /«>, .n part.cular 2 to 4 wt. 

10 m036T n 1xamDles of ethy.enica.ty unsaturated compounds which are covered by the definition of constituent e are: 
SSloS^^llKS^ having carboxy, groups, such as (meth)acry.ic acid, ^-*"^» 
unsaturated acid anhydrides or monoesters of ethylenicaily unsaturated diacids or tnac.ds, such as male.c aod I anhy- 
S maSc acW ^Lester or tumeric acid monoesfer. Acrylic acid and methacry.ic acid are preferred, part.cu.ariy 

15 [oS?] Ure p?e e ferab.y the polymer P comprises 0.5 to 6 wt,%, more preferably 0.5 to 5 wt,%, in particular 3.5 to 5 wt, 

loOSsT Examples of further ethylenicaily unsaturated compounds, which are covered by the definition of constituent 
a^compounos which customarily enhance the internal strength and/or adhesion of the films formed from an aqueous 
J^^^Wnlng thepolymers of the invention. In addition to the ethylenica.ly *Z 
compounds either contain no further functional group or these compounds contain one or more furthe 
other than an acid group or an acid anhydride group. Compounds of this type (constituent f) preferably have epoxy 
nydr y eth^ 

with the other ethylenicaily unsaturated group. The definition of constituent f encompasses ethylenicaily ""saturated 
c^mpounThaving an acid group or an acid anhydride group if additional* one or more further funcfona. groups other 
than an acid qroup or an acid anhydride group are present in the molecules. 

[0039] Compounds, which are covered by the definition of constituent f, are only those compounds, which are not 

A* mil any" «roma* hydrocarbon having 6 ,o 24 earbon ring arnma mat m„ na mnnooynlin a, anneaiad, a.g. 
ohenvl naohthyl, azulene, anthracene and phenanthrene. onr>fl . , rtfvw hirh 

Kroarylmeans any aromatic hydrocarbon having 5 to 24 ring atoms which "XTHoTpVoZ ^^e ndo e 
at least one ring atom is a heteroatom selected from the group consisting of N, O, S, and P e g. pyrrole moo e, 
fmidiole benz^idazole, pyrazin, pyridazin. triazole, tetrazo.e, oxazo.e, isoxazo.e, thiophene, thiazole, isoth.azo.e, 
pyridine, chinoline, isochinoline, pyrimidine, etc. trArn ^ n «r r r alkvl ninear 

n-abo.eexemp,™ 

KiS^SE ^-O^^scLes and -C0 2 R includes lactones. The functional 

jE5? drably 6 e^nS.ly unsaturated compounds which are covered by the definition of constant 1 ^contain 
^addition tie ethylenicaily unsaturated group either no further functional group or one 

tioned functional groups. Preferably, the compound contains an epoxy group, ethyl .midazolidone group - ^raxy. 
araup N meZol group, carbonyl group or a further ethylenical.y unsaturated group that .s not conjugated wuh the 
other ethyTen caJy unsaturated glp. Ethylenicaily unsaturated acids or acid anhydrides are also -compasses by 
Z definLn of constituent f if at least one further functional group is present. In a part.cu.arly preferred embod.ment 
so constituent f comprises ethyl imidazolidone methacrylate. 

[0042] Preferably the polymer P comprises less than 25 wt,%, more preferably less than 20 wt, /«, even more pret 
erablv 0 1 to 10 wt,%, in particular 0.2% to 2.5 wt,% of constituent f. „, 
[0043] in one embodiment of the invention the polymer P comprises 60 to 80 wt,% of constituent a, 1 0 to 20 wt.- /«, 
of constituent b, 10 to 20 wt,% of constituent c and 1 to 5 wt,% of constituent d. „ tQ , n . rt i* 
55 rooS in a preferred embodiment of the invention the polymer P comprises 60 to 70 wt,% of const, tuent a 1 0 to 15 
Z -% of conswuent b, 1 0 to 1 5 wt,% of constituent c, 2 to 4 wt,% of constituent d, 3.5 to 5 wt,% of conshtuent e and 

"^SSSi'n^ than 85 wt.- % of the polymer P is composed of 2-ethy.hexy. achate, ethy, 
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acrylate and methyl acrylate. 

[0046] In a preferred embodiment the polymer P comprises 2-ethylhexyl acrylate, ethyl acrylate, methyl acrylate and 
styrene, and optionally (meth)acrylic acid and/or ethyl imidazolidone methacrylate. In another embodiment the polymer 
P additionally comprises n-butyl acrylate and/or methyl methacrylate. 

[0047] In a preferred embodiment the polymer P is composed of 60 to 70 wt.-% of 2-ethylhexyl acrylate, 10 to 15 
wt.-% of ethyl acrylate, 10 to 15 wt.-% of methyl acrylate, 1 to 5 wt.-% of styrene, 0.5 to 2 wt.-% of acrylic acid, 0.5 to 
2 wt.-% of methacrylic acid, 0.1 to 5 wt-% of ethyl imidazolidone methacrylate, 0 to 1 wt.-% of n-butyl acrylate and/or 
0 to 2 wt.-% methyl methacrylate. 

[0048] In a particularly preferred embodiment the polymer P is composed of 60 to 70 wt.-% of 2-ethylhexyl acrylate, 
1 0 to 15 wt.-% of ethyl acrylate, 10 to 15 wt.-% of methyl acrylate, 1 to 5 wt.-% of styrene, 0.5 to 2 wt.-% of acrylic acid, 
0.5 to 2 wt-% of methacrylic acid and 1 to 5 wt.-% of ethyl imidazolidone methacrylate, 0.01 to 1 wt-% of n-butyl 
acrylate and/or 0.1 to 2 wt.-% methyl methacrylate. 

[0049] The glass transition temperature (Tg) of a homopolymer can be determined by conventional methods and if 
nothing else is mentioned in the present application all glass transition temperatures are measured by differential 
thermal analysis (DTA) or differential scanning calorimetry (DSC) (see ASTM 341 8/82, midpoint temperature). For the 
homopolymers of numerous monomers the glass transition temperatures Tg are known in the prior art. It is referred 
to "Polymer Handbook, 2d Ed. By J. Brandrup & E.H. Immergut, 1975, J. Wiley & Sons". If a certain monomer is not 
already explicitly classified as one of the constituents in this specification the Tg values disclosed in the above refer- 
enced handbook should serve as the decisive basis whether a certain monomer falls under the definition of any of the 
constituents. Only if a Tg value of a distinct homopolymer is disclosed neither in this specification nor in the above 
referenced handbook, the Tg value obtained according to DMTA or DSC measurements becomes decisive. 
[0050] The aqueous polymer dispersion according to the invention preferably contains from 1 to 5 wt.-% , more 
preferably from 1 .5 to 3.5 wt-%, of an emulsifier mixture according to the invention (based on the weight of polymer P). 
[0051] The aqueous polymer dispersion may be prepared by adding the emulsifier mixture according to the invention 
or part thereof to an aqueous polymer dispersion prepared by any method suitable therefore, optionally prepared in 
the presence of the emulsifier mixture according to the invention or part thereof. 

[0052] The emulsifier mixtures according to the invention are particularly useful in emulsion polymerisation. The 
present invention therefore also relates to the use of an emulsifier mixture according to the invention in emulsion 
polymerisation and more specifically to a preparation process of aqueous polymer dispersions by emulsion polymer- 
isation in the presence of an emulsifier mixture according to the invention. 

[0053] The aqueous polymer dispersions according to the invention are preferably prepared by emulsion polymeri- 
sation in the presence of an emulsifier mixture according to the invention. 

[0054] The emulsion polymerisation is preferably carried out at a temperature of from 30 to 1 00°C, more preferably 
of from 50 to 95°C. The polymerisation medium may be composed exclusively of water, but also mixtures of solvents 
which are at least partially soluble in water may be used, e.g. a mixture of methanol and water or a mixture of isopropanol 
and water. The emulsion polymerisation may be carried out in a batch process or alternatively in a semi-continuous 
process, wherein the reactants and auxiliary additives are added continuously to a reactor in which the polymerisation 
takes place. The reactants may also be added as a gradient or stepwise. 

[0055] In a preferred embodiment of the preparation process according to the invention the polymerisation is carried 
out in a semi-continuous process, wherein initially a relatively small portion of the monomers to be polymerised is fed 
into the reactor, heated and prepolymerized. Then, the remainder of the monomers is continuously fed into the reactor, 
usually via several inlets that are spatially separated from one another. The monomers may be fed into the reactor in 
pure or in emulsified form (pre-emulsions), as single monomers per inlet or as mixtures of monomers. The mass flow 
through each inlet may be adjusted individually, i.e. stepwise or as a gradient. The monomers may also be fed into the 
reactor, thereby establishing a superimposed concentration gradient within the reaction zone of the reactor. 
[0056] Preferably the polymer is prepared by emulsion polymerisation in water in the presence of the emulsifier 
mixture according to the invention. Preferably the quantity of emulsifier mixture used is such that the final aqueous 
polymer dispersion obtained from the polymerisation process contains from 1 to 5 wt.-%, more preferably from 1 .5 to 
3.5 wt-%, of emulsifier mixture according to the invention (based on the total weight of the monomers to be polymerised) . 
[0057] In addition to the emulsifier mixture according to the invention, protective colloids customarily used for carrying 
out free radical aqueous emulsion polymerisations may be used. Examples of suitable protective colloids are polyvinyl 
alcohols, cellulose derivatives and vinylpyrrolidone-containing polymers. A detailed description of further suitable pro- 
tective colloids may be found in Houben-Weyl, Methoden der organischen Chemie, Volume XIV/ 1 , Makromolekulare 
Stoffe, Georg Thieme Verlag, Stuttgart, 1 961 , pages 411 to 420. Preferably, no protective colloids having a molecular 
weight above 1000 are used. 

[0058] Chain transfer reagents can also be used in the course of the polymerisation, for example in amounts of from 
0.01. to 0.8 parts per 100 parts per weight of the monomers to be polymerised. The function of the chain transfer 
reagents is to reduce the molar mass of the polymers obtained. Suitable examples are compounds having a thiol group, 
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such as tert-buty. mercaptano, e thylhexy. thiog.yco.ate, mercaptoethano.. mercaptopropyl-.nmethoxysilane. n-dodecy. 
' 5 ZlT Pr Jfe^Te polymerisation starts with a polymerised seed or with a prepolymer. Not all of the constituent 

wwmmmmm 

tank It is also POMBie. mar wgter ^ jnjtiator and the reactor ls fed Wlth 

comeTof the nit pre-em siottenk s 'JkZ Preferably the pre-emu.sions are added during a period of 

somehot^ 

ZleT^Z ^rTS%e d and coo.ed. Additional amount of initiator can be added to reduce the .eve. of free 

The coTlsf^Z no^lin transfer agent during the po.ymerisation aliows to contro, the distribute of the mo- 

toZ TvaS ^eventration of the chain transfer agent in the feeds to the reactor, ■ is possible to broaden 
the distribution of molecular masses and to contro, the particle morphology. This pnncple ,s known ,n the P r,or art, e. 

SiT ^ZZTo^L usually yie.ds aqueous po.ymer dispersions having a solids content of from 15 
o 75 It -% prZably of Ln 40 to 75 wt,%. Polymer dispersions having a high solids content «W£»J 
[ooeer Preferably, the polymer particles obtained according to the invention have an average part.cle s,ze of 1 50 to 
55 300 nm, more preferably of 200 to 250 nm. 

mne7t The oH of the aqueous dispersions is preferably in the range of 4 to 9. k ^k«™ 
Si Seferably the aqueous polymer dispersions according to the invention are the product d.spers.ons wh,ch are 
obtained f rom th! "emulsion poiymerisation in the presence of an emu.sifier mixture according to the mvent.on. 
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The polymers P, particularly the aqueous polymer dispersions thereof may be used as adhesives, preferably as pres- 
sure sensitive adhesives. Preferably the polymers P are used in form of their aqueous dispersions, which may be used 
without addition of any further additives. However, it is also possible that further additives, such as tackif iers , defoaming 
agents, wetting agents, thickening agents, coagulants, softeners, pigments, surfactants, biocides or fillers are added. 
Examples of suitable tackifiers are resins such as kolophonium resins (e.g. abietic acid and pimaric acid) and their 
derivatives, such as esters thereof. Kolophonium esters may be obtained from alcohols such as methanol, ethanediol, 
diethylenglycol, triethyleneglycol, 1 ,2,3-propanetriol, pentaerythritol, etc. Other suitable tackifiers are cumaron-inden 
resins, polyterpene resins, hydrocarbon resins based on unsaturated hydrocarbons, such as butadiene, pentene, meth- 
ylbutene, isoprene, piperyiene, divinylmethane, pentadiene, cyclopentene, cyclopenladiene, cyclohexadiene, styrene 
and styrene derivatives. Further suitable tackifiers are polyacrylates having a relatively low molecular weight (mean 
average weight generally below 30000). These polyacrylates generally are composed of C r C 8 alkyl(meth)acrylates. 
[0069] The aqueous polymer dispersions according to the invention present a good adhesion and good cohesion, 
and are therefore suitable for the preparation of pressure sensitive adhesives for tapes. They also have a good resist- 
ance to water whitening and so-called blush and are therefore suitable for the manufacture of pressure sensitive ad- 
hesives that may be used with transparent facestock or substrate. The aqueous polymer dispersions present rheotogical 
properties which are well adapted to the coating systems used to produce industrially tape and label castings; they 
have a rheology with limited shear-thinning. Hence, they permit to obtain a good surface levelling of the applied wet 
film towards a uniform flat dry film. The aqueous polymer dispersions according to the invention are free of coagulum 
which ensures easy handling of the product, especially at industrial scale and permits to obtain defect-free films. Hence, 
the aqueous polymer dispersions according to the invention permits to form a film of pressure sensitive adhesive that 
is almost defect-free, comprising almost no craters or holes nor lines upon drying. 

[0070] The present invention therefore also relates to a pressure sensitive adhesive obtained from aqueous disper- 
sions according to the invention. 

[0071] The invention is further illustrated by the following examples: 
Example 1 : 
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[0072] An aqueous polymer dispersion was prepared by polymerisation in a reactor at a polymerisation temperature 
of 80°C such as described here below. During the course of the polymerisation two pre-emulsions (pre-emulsion 1 and 
pre-emulsion 2) were fed into the reactor. Pre-emulsion 2 was introduced in pre-emulsion 1 (in pre-mix tank 1) while 
pre-mix tank 1 content was fed into the reactor. In parallel, the initiator solution (in pre-mix tank 3) was fed into the 
reactor containing the polymerised seed the preparation of which is described hereafter. The initial composition of the 
pre-emulsions and the initial reactor content are shown in the Table 1 . At the end of the polymerisation, the reactor is 
realimented with initiator and a biocide is added as shown in Table 1 . 

Table 1 : 



Steps 


Raw Materials 


Dilutio n 


Weight [g] 


Bottom tank 


Pre-emulsion 


Reactor 


H 2 0 




482.95 




Polymerised seed 


33% 


25.45 




Initiator 


(NH 4 ) 2 S 2 O a 




1.20 




H 2 0 




14.40 




Pre-mix tank 3 


(NH 4 ) 2 S 2 0 8 




2.40 




H 2 0 




25.60 
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Steps 

Pre-emulsion 1 In pre-mix 
tank 1 



Pre-emulsion 2 In pre-mix 
tank 2 



Table 1 : (con tinued) 
Raw Materials I Dilutio n 



Na 2 CQ 3 2H 2 0 



Rhodapex L 12 



UFAPOL DMA PS2 



Isopropanol 



n-dodecyl mercaptan 



2-ethylhexyl acrylate 



Styrene 



Ethyl acrylate 



Methyl acrylate 



Methacrylic acid 



Acrylic acid 



Ethyl imidazolidone 
methacrylate 

H 2 0 



Na 2 CQ 3 2H 2 0 



Rhodapex L 1 2 



UFAPOL DMA PS2 



Isopropanol 



2-ethylhexyl acrylate 



Styrene 



Ethyl acrylate 



Methyl acrylate 



Methacrylic acid 



Acrylic acid 



Realimentation 



Formulation 



Ethyl imidazolidone 
methacrylate 



Fe(N0 3 ) 3 



Luperox H70 



30% 



40% 



Weight [g] 



Bottom tank 



30% 



40% 



10% 



10% 



5% 
1% 



Pre-emulsion 
195.07 



0.05 



6.00 



12.00 
4.50 



1.20 



20.00 



15.00 



4.50 



1.20 



399.17 



11.92 



74.48 



74.48 



17.87 



5.96 



11.92 
195.07 



1.20 



20.00 



15.00 



4.50 



399.17 



11.92 



74.48 



74.48 



17.87 



5.96 



11.92 



Rongalit C 
Biocide K10 

Luperox H70 is tert.-butylhydroperoxyde 70% with 30% water; 
Ronqalit C is sodium hydroxymethanesulphinate 

BiocL K10 is a biocide from Thor ; it is an aqueous mixture of S^.oro-a-methyl^.soth.azohn-S-one and 
2-methyl-4-isothiazotine-3-one 



rnn73i The oolvmerised seed used was prepared such as described in Table 2. The reactor was fed wKh water and 

"en, initiator was introduced and po^merisation started by feeding monomer pre- 
emulsion in 3-4 hours. The mixture was aged for 1 hour then cooled. 
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Table 2: 



5 



w 



polymerised seed 




quant, [g] 


quant. [%] 


reactor 


demineralized water 


1615.00 


47.432 


Rhodacal DSB 


42.03 


2.988 


Rhodacal DS4 


27.41 




Initiation 


(NH 4 ) 2 S 2 O a 


2.00 


0.072- 


pre-emulsion 


demineralized water 


403.00 


12.391 


Rhodacal DSB 


8.41 




Rhodacal DS4 


5.49 




monomers 


2-ethylhexyl acrylate 


415.00 


6.633 


n-butyl acrylate 


415.00 


14.341 


Styrene 


155.00 


14.341 


acrylic acid 


15.00 


0.538 








Total 


2789.24 


100.000 


% dry material 




33.00 



Examples 2 to 14 : 

[0074] Polymers 2 to 14 have been prepared following the same process and using the same monomer relative 
amount as in Example 1 (except that polymer 9 has been performed with lower styrene amount (styrene = 5.96 g in 
each pre-emulsion)), but with an emulsifier mixture such as disclosed in Table 3. The water amount in pre-emulsions 
was also adapted according dilution of surfactant solution in order to get a final polymer dispersion with a solids (non- 
volatile, see method later) content of about 55 wt %. 

In examples 3R, 7R, 8R, 10R, 13R and 14R, emulsifier mixtures not within the scope of the invention have been used. 
The nature of the emulsifiers disclosed in table 3 as stated in the MSDS and TDS provided by the emulsifier suppliers 
was : 

DISPONIL®FES 32 IS (COGNIS) : an aqueous solution of fatty alcohol ether sulfate, sodium salt (EO degree: 4, 
alkyl radical: C12-C18). 

DISPONIL®FES 993 IS (COGNIS) : an aqueous solution of fatty alcohol ether sulfate, sodium salt (EO degree: 
12, alkyl radical: C12-C18). 

DISPONIL®FES 77 IS (COGNIS) : an aqueous solution of fatty alcohol ether sulfate, sodium salt (EO degree: 30, 
alkyl radical: C12-C1 8). 

DISPONIL®FES 61 IS (COGNIS) : an aqueous solution of fatty alcohol ether sulfate, sodium salt (EO degree: 50, 
alkyl radical: C12-C1 8). 

RHODAPEX®L 12 (RHODIA) : an aqueous solution of fatty alcohol ether sulfate, sodium salt (EO degree: 12, 
alkyl radical: C12-C1 8). 

R H O DA P EX® AB 20 (RHODIA) : an aqueous solution of fatty alcohol ether sulfate, ammonium salt (EO degree: 
9, alkyl radical: C12-C18). 

DOWFAX®2A1 (DOW) : an aqueous solution of mono- and di-alkyl disulphonated diphenyloxide, disodium salt 
RHODACAL®DSB (RHODIA) : is an aqueous solution of mono- and di-alkyl disulphonated diphenyloxide, diso- 
dium salt 

UFAPOL®APS 2 (COGNIS) : an aqueous solution of mono- and di-alkyl disulphonated diphenyloxide, disodium 
salt 

UFAPOL®DMA PS2 (COGNIS) : an aqueous solution of an optimized combination of mono- and di-alkyl disulpho- 
nated diphenyloxide, disodium salt 

RHODACAL®DS4 (RHODIA) : a sodium dodecylbenzene sulfonate (branched) 
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[0075] The aqueous polymer dispersions obtained from examples 1 to 14 were characterised by measuring the 
following features: 

• pH 

5 . Solids content. This method covers the quantitative determination of the residue resulting from the evaporation of 
all solvents or constituents that are volatile. About 2 g of dispersion is dried in an aluminium cup for 2 hours at 
120°C. The sample is then cooled to room temperature in a dessicator. %solid content = (weight before heating/ 
weight after heating)* 100. 

Brookfield viscosity. This method covers the measurement of the viscosity of liquids by determining the torque on 
to a spindle rotating at determined and constant speed in the liquid sample whose temperature is adjusted to 25 +/- 

0.1 °C. Viscosity was measured at 2 rotating speed: 50 & 0.5 rpm. The values reported hereafter are the viscosity 
(t|)at 50 rpm (r^) and the viscosity ratio = tio. 5 /T l5o- 

Particle size. Weight- averaged values determined by dynamic light scattering (Nicomp 370, Particle Sizing Sys- 
tems). 

is . Coagulum. This covers the evaluation of presence of grits collected as the polymer dispersion is filtered (mesh 
size = 150 u.m), as well as the occurrence of coagulum on the walls of the reactor and/or the agitator. 

[0076] Adhesive films were prepared according to state-of-the-art methods and evaluated: 

20 • Coatability : This method covers the ability of the aqueous polymer dispersion (latex) to wet a substrate and form 
a defect-free film. This property has been evaluated at lab and pilot-scale. 

Lab scale coating : Non-formulated latex is coated on a 23 u,m-thick PET film to form a 10u,m-thick dry film. The 
appearance of craters\holes in the film upon drying is evaluated from 0 to 6. 0 = no crateAholes, uniform films; 6 
= many large craters\holes, discontinuous film. 

25 . Pilot scale coating : Formulated latex (i.e. + wetting agent & antifoam) is coated with a pilot coating machine Kroen- 
ert RECO 303 on a Si-coated release liner with a reverse gravure coating head at 1 20 m/min (coating width = 420 
mm), dried and laminated with PVC films (90 u.m thick), after drying. The dry adhesive film thickness is 20u,m +/- 
2. The presence of 2 kind of defects is investigated: lines (stamp of the gravure roll structure) and crateiAholes. 
Each was evaluated from 0 to 3 : 0 = no defect; 1 = few defects appearing in certain part of the coated film; 2 = 

30 some defects regularly distributed over the film; 3 = many defects covering the whole coated film. 

[0077] In addition, adhesive properties of the aqueous polymer dispersions, which presented defect-free films, were 

tested according to standard test methods: 

Test methods : Peel adhesion (peel strength), resistance to shear from a standard surface (shear strength) and "Quick- 
Cs stick" tack (loop tack strength) were determined according to FIN AT test methods (FTM) Nos. 1, 8 and 9. These 
standard test methods FTM 1, FTM 8 and FTM 9 are described in FIN AT Technical Handbook 5th edition, 1999, (pub- 
lished by FINAT, P.O. Box 85612 NL-2508 CH The Hague, The Netherlands). 

a) Preparing the test strips : The aqueous dispersion was mixed with a wetting agent (Servoxyl VLA 70: suifosuc- 
40 cinate-type surfactant (35wt% in water)). The mixture proportion was 1.5 g Servoxyl in 100 g latex. Then, it was 

applied to siliconized paper in a thin film, using a barcoater, and was dried at 110°C for 3 minutes. The gap height 
of the coating bar was chosen so that the weight per unit area of the dried adhesives was 20-22 g/m2. A commer- 
cially customary plasticized PVC film (80 ujti thick) was placed on the dried adhesive and rolled on firmly using a 
manual roll. The resulting adhesive was stored under atmospheric conditions for at least 24h, then it was cut into 
45 25 mm wide strips. Their minimum length was 1 75 mm. 

b) Testing the shear strength as a measure of the cohesion (according to FINAT FTM 8) : After the siliconized 
paper had been peeled off, the film test strip was bonded to the edge of a stainless steel sheet so as to give a 
bond area of 25 mm X 25 mm. 10 minutes after bonding, a 1000 g weight was fastened to the protruding end of 
the film strip, and the metal sheet was suspended vertically (ambient conditions: 23°C, 50% relative humidity). 

50 The shear strength was taken as the time in minutes, until the adhesive bond failed under the influence of the 

weight, as the mean from the results of three test specimens. 

c) Testing the peel strength as a measure of the adhesion (according to FINAT FTM 1) : After the siliconized paper 
had been peeled off, the film test strip was bonded to a glass plate (ambient conditions: 23°C, 50% relative hu- 
midity). The test strip was left for 20 min, then the strip was peeled off at an angle of 180° and at a rate of 300 

5 $ mm/min with the aid of a tensile testing apparatus. The peel strength was taken as the force, in N/25 mm, required 

to do this, again as a mean from the results of three test specimens. The procedure was repeated with a second 
set of strips with a period of 24h before testing. 

d) Testing the loop tack strength as a measure of the tackiness (according to FINAT FTM 9) : After the siliconized 



13 



BNSDCCID: <EP 1464656A1J_> 



EP 1 464 656 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



nflnpr had been Dee |ed off the two ends of the adhesive coated facing material strip were held together and a 
E5 was fo^i^hVip. adhesive surface outermost, by bringing the two ends together. The loop ends 
were inS for distance of 10 mm into the top jaw of the tensile tester leaving the loop hanging v*W*y 
^riS^e kip was brought into contact with a glass plate at a speed of 300 mm/minute. When full contact 
n^r thfola ss ofa e had been achieved (25 mm X 25 mm), the direction of the machine was reversed and separation 
avowed to take p ^T^S 300 mm/minute (ambient conditions: 23°C, 50% relative humidity). The loop 
S«JS^^ as L force, in N/25 mm, required to do thla, again as a mean from the results of three 
test specimens. 

rnn78l Testino the loss of transparency as a measure of the water-whitening resistance : This method covers the 
melslremem of the loss 2 transparency" of an adhesive coated , P VC «.m after immersion for 7 and 60 m,nutes ,n a 
deionized water bath at 20° to 23°C (Reference: ASTM Method D 1746-70). 

a ) Preoaration of the Formulation : To 200 g of aqueous dispersion were added under slow agitation ,3 g of Servoxyl 

21^ 35% Under slow agttation NH40H 25 % was added to adjust the P H to 6-6.5. The ag.tat.on was con- 
tinued for further 30 minutes and the formulation was allowed to stand overnight. 

b) Prepa atioT of the coated material : An adhesive film of 20±2 g/m2 on silicone paper with an appropriate Meyer 

drawn. The film was dried for 3 minutes at 1 1 0'C in the drying = glass plate. The Mm 
was covered with PVC films. Thereafter, it was rolled over the assembly w.th the F.nat roller of 2 kg. 

Measurements : After calibration of the HAZE-GUARD PLUS (from Byk-GardneO, the loss .n total 
t,lnsince Hgh through the.coated material was measured under the following conditions^After the s,Ucon*ed 
Daoe^ad been peeled off, a 25x25 mm sample cut from coated materia, was immersed ,n a de.on.zed water bath 
K^^STt^ the total transmittance of light trough the strip was measured using a 
ffrom BYK Gardner) (A) and compared to the total transmittance of the strip before .mmers.on (B). The wa er- 
wt taken n °l as the transmittance difference (A) - (B) , again as a mean from the resutts of three test 
Tpecirens The procedure was repeated with a second set of strips with a period of 60 m.nutes m .mmers.on 
before testing. 
[0079] The results obtained are presented in Table 4. 
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Example : 


X 


solid content 


Brookfleld 
viscosity 50 rpin 
(mPa.s) 1 


o 

«-> 
P- 

o 

P" 


particle size (nm) 1 


Coagulum 


Lab scale coating i 


Pilot scale 
coating lines 
craters/holes 


shear strength 
Imln] 


peel strength 20 
min [N/25 mm] 


peel strength 24 
h [N/25 mml 


loop tack (N/25 
mm] 


water-whitening 
7 min |%] 


water whitening 
60 min |%] 
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[00801 As illustrated by the above examples, the aqueous polymer dispersions according to the in«ento e« 

22 a Tj K vicS So results in dry films presenting lines, .t was also shown that aqueous 

having such a rheogTcal behavior are not adapted to the modem coating systems used for app^ng PSA films on f.ex.ble 

mos'l] The aqueous dispersion obtained in example 3R contained a lot of coagulum ; therefore it was not suitable 
io for making PSA films nor could it be extrapolated at industrial scale. 

Claims 

is 1. An emulsifier mixture comprising 

(a) from 1 0 to 90 % by weight of the total weight of emulsif iers present in the mixture, of at least one emulsifier 
of formula (I) 



20 



25 



30 



35 




wherein one or two of Ri to groups are S0 3 M, one or two of to R* 
groups are a C1 -1 8 alkyl group, and the remainder of Ri to R* groups are hydrogen and M represents a cation, 



and 



(b) from 1 0 to 90 % by weight of the total weight of emulsif iers present in the mixture of at least one emulsifier 
chosen from linear or branched alkylethersulfates responding to formula (II) and (III) 
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so 3 m' 



R 9 
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wherein R 7 represents a C1-18 alkyl group : each of R 8 , R 8 \ R 8 ", R 9 , R 9 ' and R 9 ", independently, represents hy- 
drogen or a C1-6 aikyl group, M' and M", independently represent a cation, k is an integer from 6 to 20, and n, m 
and p, each independently, is an integer from 1 to 18 with the proviso that (n + m + p) is an integer from 6 to 20. 

The mixture as claimed in claim 1 , wherein in the emulsifier of formula (II) and (III) k, respectively (n + m + p), is 
an integer from 7 to 10. 

The mixture as claimed in claim 1 or 2, comprising from 5 to 60 % by weight of the total weight of emulsifiers 
present in the mixture, of at least one emulsifier of formula (IV) 



wherein R 10 represents a CM 8 alkyl group and L' represents a cation. 

The mixture as claimed in claim 3, comprising, per weight of emulsifiers present in the mixture, from 15 to 60 % 
by weight of at least one emulsifier of formula (I), from 30 to 60 % by weight of at least one emulsifier of formula 
(II) or (III) and from 10 to 45 % by weight of at least one emulsifier of formula (IV). 

The use of an emulsifier mixture as claimed in any preceding claims in emulsion polymerisation. 

An aqueous polymer dispersion comprising an emulsifier mixture as claimed in any of claims 1 to 4. 

The aqueous polymer dispersion according to claim 6, comprising a polymer P comprising from 5 to 92.5 wt.-% 
of at least one alkyl acrylate the homopolymers of which have a glass transition temperature of -40°C or below 
(constituent a), and from 7.5 to 95 wt % of at least one alkyl (meth)acrylate the homopolymers of which have a 
glass transition temperature of at least -25°C. 

The aqueous polymer dispersion according to claim 7, wherein polymer P comprises 

from 5 to 92.5 wt.-% of at least one alkyl acrylate the homopolymers of which have a glass transition temper- 
ature of -40°C or below (constituent a); 

from 2.5 to 30 wt.-% of at least one alkyl (meth)acrylate the homopolymers of which have a glass transition 
temperature of from -25°C to 0°C (constituent b); 

from 2.5 to 30 wt.-% of at least one alkyl (meth)acrylate the homopolymers of which have a glass transition 
temperature of between 0°C and 20°C (constituent c); 



R 
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f 1 tn 7 . ^ oy of at , east 0 ne ethylenically unsaturated monomer the homopolymers of which have a glass 

* an/which do not contain a functional group seiected from hydroxy. 

arid acid anhvdride nitro, epoxy and amino groups (constituent d); 
. from 0 to 10 S % of at least one ethy.enically unsaturated monomer having at least one ac,d group or acd 

from Oto \rjTo?T^:iX^ unsaturated monomer having either no further functional group 
' or 2 addmont the ethy.enically unsaturated group at least one functional group other than an acd group or 
an acid anhydride group (constituent f)- 

The aqueous polymer dispersion according to claim 8, wherein constituent (d) is a monomer selected from the 
^?SSS£gS? (i) 4. (meth)acry.ates, (ii) viny.aromatic compounds, (iii) viny.hahdes, (,v) v.nyln.tn.es and 
(v) vinylesters of carboxylic acids. 

The aqueous polymer dispersion according to claim 9, wherein constant a is selected f ^ W ""^J 
of n butvl acrvlate 2-ethylbutyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, nonyl acrylate and octyl acrylate 
l^^lS^STthe gToup consisting of ethyl acrylate, sec-butyl acrylate, dodecy. acrylate Msobuty 
achate and iipropyl acrylate; constituent c is selected from the group consisting of methyl aery ate an n^butyl 
Sacrylafe cStuent d is selected from the group consisting of methyl methacrylate, tart-butyl acrylate meth- 
Itvrene p^a-rne Ltyrene, tert-buty.styrene, styrene, vinyl chloride, methacrylonitri.e, v.ny. acetate and v.nyl 
S efe selected from the group consisting of (meth)acryiic acid, maleic acid male, acid anhy- 

drwe mateic add monoester and tumeric acid monoester; and constituent f comprises at least one ethylemcally 
unsatuTatTcompornd having a group selected from the groups consisting of epoxy groups, hydroxy! groups 
rynmSSoHdone groups, N^thylofgroups, carbony. groups or further ethy.enically unsaturated groups wh,ch 
are not conjugated with the other ethylenically unsaturated group. 

The aqueous polymer dispersion according to any of claims 6 to 1 0, wherein polymer P is composed 0 , so to 70 
wt % o f 2-ethylhexyl acrylate, 0 to 1 wt,% of n-butyl acrylate, 1 0 to 1 5 wt.-% of ethyl acrylate, 1 0 to 15 wt.- /o of 
™W *l^°7o 5 J-% of styrene, 0.5 to 2 w.,% of acrylic acid, 0.5 to 2 wt,% of methacryhc acd, 0.1 to 5 
wt.-% of ethyl imidazolidone methacrylate and/or 0 to 2 wt.-% methyl methacrylate. 

30 12. The aqueous polymer dispersion according to any of claims 6 to 1 1 , wherein the amount of emulsifier mixture is 
from 1 to 5 % by weight relative to the weight of polymer P. 

13 The aqueous polymer dispersion according to any of claims 6 to 12, wherein the aqueous polymer dispersion is 
ss ; r epa?ed T/emuLon pofymerisation in the presence of a emulsifier mixture according to any of c.a.ms 1 to 4. 

14. Use of an aqueous polymer dispersion according to any of claims 6 to 13 for the preparation of an adhesive. 
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